Two conflicting hypotheses have been tested concerning the association between a personal history of nonmelanoma skin cancer (NMSC) and risk of other malignancies. One hypothesis is that as a marker of extensive sunlight exposure and hence vitamin D status, NMSC should be inversely associated with risk of other cancers. Alternatively, under the multiple primary cancer model, NMSC is postulated to be an informative first cancer to study as a marker of increased risk of subsequent primary cancer diagnoses. In this journal issue, Ong and colleagues report the results of a large-scale study in the United Kingdom with findings that NMSC was significantly associated with increased risk of a broad spectrum of other malignancies, with the associations stronger the younger the age of onset of NMSC. These results are consistent with the larger body of evidence on this topic, which is highly asymmetrical in favor of the multiple primary cancer hypothesis. Two divergent hypotheses have been tested, with the empirical evidence unequivocally indicating that NMSC is a marker of a high cancer risk phenotype. Future research is warranted to better characterize this association, to understand why NMSC is a marker of excess risk of other cancers, and to determine whether this association is clinically relevant. Cancer Epidemiol Biomarkers Prev; 23(3); 433-6. Ó2014 AACR.
Introduction
Among all human malignancies, nonmelanoma skin cancers (NMSC) are by far the most common (1, 2) and in the United States are among the most costly (3) . Exposure to solar UV radiation (UVR) is the major environmental cause of both major histologic types of NMSC, basal cell carcinoma (BCC) and squamous cell carcinoma (SCC; ref. 2) . In addition to being the primary cause of NMSC, solar UVR exposure is also the major source of vitamin D in the general population by stimulating the cutaneous synthesis of vitamin D (4). In turn, vitamin D is hypothesized to have many health benefits (4), including hypothesized protection against many types of cancer (5) . Thus, solar UVR is paradoxically the central determinant of both risk of NMSC and bioavailable vitamin D, a hypothesized anticancer agent.
NMSC and Risk of Other Cancers: Conflicting Hypotheses
In this issue of the journal, Ong and colleagues (6) report a study of the association between NMSC and risk of other cancers. In introducing the study, the authors note that research into the association between NMSC and risk of other cancers has been controversial, with some evidence pointing in a risk direction and other evidence pointing in a protective direction (6) . Some studies have been carried out to investigate the hypothesis that NMSC, as a biomarker of vitamin D status, is inversely related with risk of developing cancers other than NMSC because of the hypothesized anticancer properties of vitamin D (Fig. 1,  pathway 1 ). Other researchers have tested the exact opposite hypothesis that based on the multiple primary cancer model, a personal history of NMSC is associated with increased risk of other cancers (Fig. 1, pathway 2 ). These divergent hypotheses have resulted in two parallel and conflicting bodies of evidence on the association between NMSC and risk of other cancers.
NMSC and risk of other cancers: the vitamin D hypothesis
On the basis of the use of NMSC as a marker of high vitamin D status, some have hypothesized that NMSC is protective for internal malignancies. Using NMSC as a proxy for vitamin D status is supported by most, but not all (7, 8) , prospective studies that show that circulating vitamin D concentrations are higher in those who go on to develop NMSC than in those who do not (7, (9) (10) (11) (12) (13) . In theory at least, this approach provides an indirect way to test whether vitamin D is inversely associated with the risk of other cancers.
All four of the studies to use this approach have reported a statistically significant inverse association in at least one subgroup (14) (15) (16) (17) (16) observed that NMSC was associated with significantly elevated risk of other cancers (SIR 1.39; 95% CI, 1.38-1.41). After stratifying by sunny versus less sunny countries and excluding skin and lip cancers, the risk association of BCC with other cancers was concentrated in less sunny countries (SIR 1.35; 95% CI, 1.32-1.37), whereas in sunny countries an inverse association was present (SIR 0.86; 95% CI, 0.80-0.92). The authors concluded that "Vitamin D production in the skin seems to decrease the risk of several solid cancers" (16) .
In what was referred to as a meta-analysis, published rates of second cancer after diagnosis of NMSC were used in linear regression analyses that were inexplicably corrected for the lung cancer relative risk (RR) despite the absence of a clear-cut association between smoking and NMSC. Under this unorthodox approach, reduced risk after NMSC was seen for cervical, esophageal, gastric, and rectal cancer, whereas risk was increased for lip and salivary gland cancers and melanoma. The author concluded that "these results provide nearly direct evidence that solar UVB irradiance reduces the risk of many internal cancers. The likely mechanism is production of Vitamin D" (14) .
NMSC and risk of other cancers: the multiple primary cancer model
Unlike most malignancies, NMSC acts as an excellent sentinel first cancer to study the risk of multiple primary cancers because it is rarely fatal and is usually locally excised, obviating concerns about excess cancer risk due to the late effects of treatment (18) . Independent of any consideration of vitamin D, during the past two decades a substantial and growing body of evidence has accrued on the association between NMSC and risk of other cancers.
In many studies carried out in various settings, NMSC has consistently been observed to be a marker of increased risk of other cancers. In a systematic review and metaanalysis (19), a prior NMSC diagnosis was associated with a 50% greater risk of developing another type of cancer in prospective cohort studies with individual-level data (18, 20, 21) . In prospective registry-based studies, the association was weaker but still statistically significant (pooled RR 1.12; 95% CI, 1.07-1.17). The association between NMSC and risk of other cancers was consistently observed in both men and women and for both major histologic types of NMSC, BCC and SCC, and the association was not limited to just one or a few types of malignancy but applied to a broad spectrum of malignancies .
Since the systematic review and meta-analysis was published, evidence documenting this association has continued to accrue (39) (40) (41) (42) (43) (44) (45) . A study in Canada observed an SIR of 1.6, with 30 different types of cancer significantly elevated (45) . Notably, two more prospective cohort studies with individual-level data were published that provide further evidence of a strong association between NMSC and risk of other cancers (39, 43) .
The results observed in the study of Ong and colleagues reinforce the patterns seen in the larger body of evidence on this topic. This study is notable for its exceptionally large study population and hence its ability to examine the association with many different specific types of cancer with adequate statistical precision. With this data resource, the data clearly demonstrated the cross-cutting nature of the association between NMSC and different types of cancer, as 28 of 29 of the cancer type-specific RRs were in the direction of increased risk; 26 of 29 of these RRs were statistically significant (6) . The likelihood of observing 26 of 29 results in the risk direction, as calculated by the twotailed sign test, is <0.0001. The results were consistent in both men and women and also revealed another common pattern: the association was stronger the younger the age of onset of NMSC (6) . Even in kidney transplant recipients, who are known to be at higher risk of both SCC and internal malignancies, those who developed an SCC were 3.0 times (95% CI, 1.9-4.7) more likely to go on to develop an internal malignancy than those with no SCC (46) . This observation of NMSC as a marker of increased cancer risk even in transplant recipients, a population with excess overall cancer risk, provides strong evidence to validate NMSC as a marker of risk of noncutaneous second primary cancers.
Cutaneous
Lindel€ of and colleagues (44) directly addressed the two competing hypotheses. Patients with a diagnosed BCC may be more likely to engage in sun-protection behaviors, so this study examined the risk of other cancers in the time window before the BCC diagnosis when sun exposure, and thus cutaneous vitamin D synthesis, was likely to be highest. This provided a direct test of the vitamin D hypothesis. The results showed that the risk of internal malignancies was elevated in the interval before a BCC diagnosis in patients who eventually were diagnosed with a BCC, providing further evidence that NMSC is a marker of a cancer-prone phenotype (44) .
Summary
In summary, two opposing hypotheses have been tested concerning the potential association between a personal history of NMSC and risk of other malignancies. The resulting evidence base is highly asymmetrical. The hypothesis that as a biomarker of high vitamin D status, NMSC is inversely associated with risk of other cancers is conceptually appealing, but this hypothesis has only been supported in selected subgroups of a few studies and is therefore not supported by the evidence. On the other hand, the hypothesis that based on a model of multiple primary cancers, NMSC is a marker of increased risk of other cancers now adds the Ong and colleagues' study to a large, consistent, diverse, and rapidly growing body of evidence. The study of Ong and colleagues provides enhanced resolution to indicate that a personal history of NMSC is statistically associated with excess risk of other cancers and that this is a cross-cutting association that affects a broad spectrum of cancers. Two competing hypotheses have been set forth and tested, and the data clearly support one hypothesis over the other. There is no controversy: NMSC has been empirically shown to be a marker of increased, not decreased, risk of other cancers. The field will best be served by moving forward to advance public health by further refining our understanding of this association and why it exists as well as its potential utility in the care of patients with NMSC diagnoses.
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